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Argentina is a competitive producer of oilseeds and has developed a world-class vegetable oil industry. It is also an efficient producer of wheat and corn, its traditional grains. Since the 1980s, the country has emerged as one of the main exporters of oilseeds and vegetable oil to the international market, at the top of the exporters´ ranking in soybean oil and sunflower oil. Also, it is the second largest exporter of maize to the world.
Due to this well-tested comparative advantage, the domestic producers and processors of oilseeds in Argentina perceived the increasing international demand for biofuels as a new business opportunity.
Thus the private sector engaged in new investments that put in place an exporting industry in only four years. At the same time, the economy was facing declining natural gas reserves and pressures on environmental issues. The government responded by passing several laws promoting the use of renewable energy sources, specifically the blending of biofuels in transportation fuels. At present, there are several plants already producing diesel using soybean oil and ethanol from corn or sugar cane, and there is the expectation that their number will grow rapidly. The mandatory substitution has been complemented with a selective regime of subsidies to biofuel production. But the actual effect on the industry scale and dynamics depends on more subtle questions since other government actions are indirectly at work.
Will the industry be developed and become sustainable by itself in a country with clear advantages for the production of alternative agricultural products that compete for the use of land, and in which prices of agricultural goods have great influence on real wages, external trade balance and fiscal surplus? To answer this question, changes in relative prices are relevant since they have the potential to modify the value of projects and subsequently determine whether the technologies of production of biofuels become feasible. The evaluation of project viability under endogenous relative prices is one of the contributions of the general equilibrium perspective to the analysis.
At present, biofuels do not represent a significant portion of the economy. But when we consider their potential as substitutes of traditional fuels, and the interaction with the agricultural and oil industries via input/output relations, the results become relevant as a share of total GDP. In order to 3 address these issues, this paper presents the results of the analysis of the biofuel sector in Argentina using a Computable General Equilibrium (CGE) model. Up to now, most of the claimed positive results of the development of this industry in the country are conjectural or based in sectoral studies (Cámara Argentina de Energías Renovables, 2009; Chisari, 2009 ). Our objective is to evaluate the gains and losses of the production of biofuels for Argentina, taking into account opportunity costs of resources and overall impact on economic performance.
We focus in the assessment of costs and benefits in an economy which can be characterized by the following stylized facts. Firstly, biofuels are already being produced, but there are clear differences between biodiesel and bioethanol in terms of development of the industry and competitiveness (with respect to other countries, such as Brazil). Secondly, Argentina has comparative advantages for several agricultural products at the international level, a fact that creates opportunity costs for land use and for direct exports of crops. Also, the country has a developed oilseed industry, with potential complementarities with biofuel production. Additionally, there is a complex tax structure, that has a direct incidence on agricultural exports, and that is subject to changes that accommodate fiscal results and the need of sustaining a positive trade balance. Finally, the cost of capital has been structurally high -basically due to the country risk component -and has discouraged investments in general and biofuel projects in particular.
The plan of the paper is the following. In section 2, we summarize the basic facts of the biofuels industry in Argentina. Then, the third section presents the database required for implementing the CGE model, organized in a Social Accounting Matrix. Most of the sectors in the value chain of bioethanol and biodiesel are disaggregated and introduced explicitly. After that, we discuss the main features of the CGE model (section 4) and we conduct several counterfactual experiments, in section 5, to study the response of the biofuel industry to policy shocks and to changes in international prices, as well as to appraise the reaction of the economy and of industries related to biofuels via substitution or complementarity relations. The final section concludes with main lessons obtained from the analysis.
T TH HE E B BI IO OF FU UE EL L I IN ND DU US ST TR RY Y I IN N A AR RG GE EN NT TI IN NA A
Oilseeds production has been growing in Argentina since the late 1980s. This trend corresponds to a long-term path that accelerated in the last five years. Production growth and area expansion were 4 mainly due to the availability of new technologies in soybean production (GMO seeds plus the diffusion of zero tillage techniques 2 ) that were so important as to increase the profitability of the agricultural sector on average. Biofuels played a minor role in this development, though gaining some importance in recent years.
Environmentalists and agricultural experts have raised concerns about the deforestation that accompanied the expansion of soybean area in the Northern provinces of Argentina. In their opinion, the expansion of soy production over the past several years has fuelled deforestation, poor water resource management and increased land degradation (World Bank, 2009 ). In response, producers´ organizations have pointed out that rotation practices have not been abandoned and that the spread of "zero tillage" practices compensates for the damages when combined with adequate fertilizer and agrochemicals adoption. However, the growth of soybean area in comparison to cereals or livestock created concerns on the possibility of persistent mono-cropping. These facts prompted interventions in the market through subsequent increases of export taxes on soybean grain, thus reducing price incentives to production of the crop. At the same time, due to the rally in international food prices, wheat and corn exports were banned transitorily. As a result, the effects on wheat and corn outweighed the diminished soybean profitability and soybean crop share kept its increasing trend in production.
Argentina started biodiesel production on a large scale in 2006. Bioethanol from sugarcane or corn did not start to develop until 2010. Previously, only anecdotal cases of biofuel production could be found. They consisted of a few producers that used own grains and oilseeds as fuels for selfconsumption through simple transformation methods. In the case of ethanol from sugar cane, a previous failed experience of mandatory blending took place between 1984 and 1988.
The rapid development of biodiesel in comparison to ethanol shows a clear response of economic agents involved in the agro-industrial activity to market incentives. These incentives became apparent to investors in the early 2000s and were the following: (i) increasing international prices of biofuels attracting new investments to the value chain of an already highly competitive domestic industry of soybean oil, (ii) attractive (but not fully secure) demand from markets such as the EU, with traditional commercial ties with Argentine oilseeds exporters, (iii) excess domestic demand of diesel for transport uses covered through costly imports, (iv) increasing share of oilseed production in the agricultural activity, (v) scarce feed grains and sugar cane along with gasoline surplus that inhibited market incentives in the case of bioethanol and (vi) segmentation of the biofuels domestic market by Law in order to promote exclusive participation of small and medium enterprises (SMEs).
Brazil's competitiveness in the bioethanol international market has also opened a question on the role of Argentine potential supply, its costs and complementation/competition with the MERCOSUR main partner. Notwithstanding, some analysts 3 consider that bioethanol production will be organized in Argentina in view of the potential future constraints on gasoline. Currently this constraint is not binding, what may explain why oil distilleries are more interested in biodiesel relative to bioethanol mandatory blending. A new policy scenario that could re-launch investment in gas and oil could have retarding effects on the biofuels incipient domestic market. Biodiesel exports appear to be rather independent of this outcome but crucially dependent on EU regulations on biodiesel standards.
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As regards the domestic market, diesel and gasoline prices are among the lowest in the Western
Hemisphere. Noticeably, in spite of low diesel retail prices in Argentina, biodiesel costs are not much apart. In fact, the relation between these two fuels highly depends on the price of soybean vegetable oil, which entails the majority of biodiesel cost. Subsidized transport and fuels have sustained an increasing demand for all sorts of fuels. Fuels consumption has also been affected by the increase in demand derived from Argentine rapid growth since 2003 and the fast growth of the agricultural activity. Finally, mandatory blending requirements have also played an important role in the surge of domestic demand for biofuels.
Biofuel technology in Argentina is related to the quality standard. In general, the quality standard has followed the European requirements, considering that most of the industry exports were oriented towards the EU market.
Regarding environmental concerns, the scheme launched by the law promoting the sector of biofuels suggests that the government is more interested in the promotion of small scale investments and job creation at the regional level than in the reduction of CO 2 emissions. The basic data for the model are obtained from a social accounting matrix (SAM) that in this case also isolates sectors related with biodiesel and bioethanol production from the other accounts.
Here we summarize the most critical aspects of data collection and treatment. In both the input and output matrix and the household consumption, consistent data on consumption and production were obtained through the cross-entropy method (Robinson, Cattaneo y El-Said, 2001 ). As for the government expenses, distribution between goods and services data are available for 2006 for the national and provincial governments. Municipal expenditures are assumed to be distributed in the same proportion as the average for the two other government levels.
Aggregate demand and supply in the SAM are consistent with national accounts.
The model includes 29 production sectors, four for agriculture, one for petroleum and mining, 16 for goods and eight for services. In addition to the usual activities, the SAM identifies sectors related to the production of biofuels as separate sectors: soy, corn, sugar cane, soy oil, industrial sugar, refined gasoline, diesel, biodiesel and bioethanol.
Four factors of productions are accounted for: labor, land, physical capital and financial capital. Both labor and financial capital are mobile across sectors while physical capital is sector specific. Land is mobile within various agricultural sub-sectors. Table 3 . This simplified SAM has three activity sectors, two factors (with capital representing an aggregate of land and physical and financial capital), taxes, public and private investment and the rest of the world (ROW).
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Columns show the decomposition of sales of the budget of every agent, while rows represent markets. Total amounts of intermediate sales and purchases were required to estimate the new input-output transaction matrix, using cross entropy. Besides, total purchases of consumers and their respective disposable income were necessary to estimate the new consumption expenditure matrix, also using cross-entropy.
The input-output matrix is the sub-matrix of the SAM that represents transactions between activity sectors (activities, activities). Below this, the matrix of factor demands is presented (factors, activities), followed by the matrix of taxes paid by activity (taxes, activities). The SAM separates taxes paid by exports, intermediate uses, final consumption and investments. Finally, the matrix of imported purchases is included (ROW, activities). Totals of rows and columns of each sector are the respective gross output value.
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The factors account shows the income distribution matrix (households, factors), that distributes the remuneration of factors to households. Part of the capital is owned by the rest of the world.
For the demand side, we summarize the matrix of household expenditures (activities, households), government consumption (activities, government), private and public investments (activities, investments) and the vector of exports (activities, ROW). The matrices (household, household) and (household, government) correspond to transfers between agents.
Private savings, public savings and foreign savings are added up to finance investments. The row BNI closes the model and it represents the superavit/deficit of every agent; it corresponds to financial transactions as of 2006.
B BA AS SI IC C C CH HA AR RA AC CT TE ER RI IS ST TI IC CS S O OF F T TH HE E G GE EN NE ER RA AL L E EQ QU UI IL LI IB BR RI IU UM M M MO OD DE EL L
Our model is organized in ten representative households, 29 production sectors, one consolidated public sector and the rest of the world, and a thorough decomposition of the tax structure and regulatory regimes. It takes into account different degrees of factor mobility and several technologies that compete to produce the same good or service. The information has been updated as of 2006 and it includes a dynamic recursive component to take into account economic growth. Also discussed here are specific characteristics of the economy of Argentina, like unemployment and significant export taxes for crops and oil 7 . It allows simulating the economy-wide impacts of large scale production of biofuels in the country. The model is numerically solved using GAMS/MPSGE 8 . A more detailed description of the model is presented in Appendix A.
Since it is necessary to take into account the opportunity costs of land and alternative allocation of crops (producing vegetable oil or exporting grain directly) the model is structured to have a more detailed and realistic representation of the biofuel industry and the potential trade-offs and opportunity costs, focusing specially on alternative uses of land. A detailed representation of 7 The model is flexible to address different elasticities and parameters, as well as different degrees of factor mobility.
Also, different mobility of factors can be taken into account in the model; this is relevant for capital in agriculture which is taken as mobile only among agricultural sectors.
alternative technologies for biofuel production and uses is also included (actual or latent technologies to be selected for operation by the economy depending on relative prices).
It is also possible to estimate how biofuel production and its associated sectors (agriculture, fuel and food) could influence the performance of the economy in terms of exports and trade balance, fiscal implications, welfare and growth. Relative prices and mobility of resources can explain why certain industries and technologies expand or contract. Therefore in the model, production is neither mandatory nor inevitable; it is determined by market forces and relative prices.
For every period, prices are computed to simultaneously clear all markets. The model used is a recursive dynamic model that simulates growth for the economy, based partially in the Computable
General Equilibrium for Argentina presented in Chisari et al. (2009) . It is not a model of optimal growth; instead, agents make savings decisions in period t using only information for that same period; then, savings are used in the following period t+1 as additional capital. This new capital is not specific by sector but malleable, and it is fully mobile between sectors of production. Therefore it is allocated at the same time that prices are being determined by the model; the final allocation of "brand-new" capital responds endogenously to the relative profit opportunities and it is reallocated until the reward to new capital is the same in all industries. Henceforth, the final industrial scale depends on market incentives determined by the model itself 9 .
From the supply side, the production function in each sector is a Leontief function between valueadded and intermediate inputs: one output unit requires an x percent of an aggregate of productive factors (labor, physical capital, financial capital and land) and (1-x) percent of intermediate inputs.
The intermediate inputs function is a Leontief function of all goods, which are strict complement in production. The Leontief formulation focuses the model on higher-level substitution issues.
Value-added is a Cobb-Douglas function of productive factors. Regarding factor endowment, both types of capital are fully employed, while there exists labor unemployment. Wages are assumed to be fixed in real terms. The modeling of unemployment is quite important for the case of Argentina. The assumption of full-employment could modify the evaluation of benefits of trade liberalization (see Diao et al. 2005) ; in full-employment models, increased demand for labor (from increased activity 12 and exports) leads to higher real wages, such that the origin of comparative advantage is progressively eroded; but in models with unemployment, real wages are constant and the increase in exports is larger.
Financial capital and labor are perfectly mobile while physical capital is sector specific, involving the same cost between sectors for the first two factors and sector specific cost for the last factor. Land is included as a separate factor in this version of the model because of its relevance in the analysis of biofuels (see details in Appendix A).
The demand side is modelled through ten representative households, a government and an external sector. Households buy or sell bonds, invest and consume in constant proportions (Cobb-Douglas) given the remuneration for the factors they own (and the transfers from the government). The choice of the optimal proportion of the consumption good is obtained from a nested production function into the utility function, through a process of cost minimization. Government is represented as an agent that participates in markets for investments, consumes and makes transfers to households and has a
Cobb-Douglas utility function; its main source of income is tax collection (though it also makes financial transactions through the bonds account). The external sector buys domestic exports and sells imports, and also makes transactions of bonds and collects dividends from investments.
The model incorporates key sectors for the analysis of biofuels. Biofuels, such as biodiesel and ethanol and biofuel feedstock, such as sugarcane, maize, soybean, soybean oil, refined sugar, other oilseeds oils, are explicitly modeled (see Table 2 ).
Biodiesel production uses soybean oil as primary input, while bioethanol uses maize and sugarcane.
These are combined with other inputs (mainly chemicals and energy) and value added for production.
See the Appendix A for a detailed presentation.
Intermediate consumption is represented as a nested Leontief production function. It is assumed the elasticity of substitution between fuels and biofuels (gasoline-ethanol and diesel-biodiesel) is equal to 2. The rest of the goods are complementary and the elasticity of substitution between them is zero. Figure 2 ). We adopted a nested utility function with an elasticity of substitution equal to 2 between biofuels and their fossil fuel counterparts and an elasticity of one between the biofuels-fossil fuels composite and the rest of the goods.
As mentioned before, the version of the model presented here is recursive dynamic. Investments of year t are added to mobile capital at time t+1, and it is allocated between sectors until its reward is 
EX XE ER RC CI IS SE ES S
The simulations are organized in two main categories: 1) international markets changes, and 2) policy shocks. Special attention is paid to the results of the following scenarios:
 Changes of prices of soy, soybean oil and biodiesel in international markets.
 Modifications in levels of export taxes on crops and subsidies to biofuel production.
 Introduction of market based incentives for biofuel projects.
 Modifications in non market based incentives (quotas of biofuels in total fuels used). Table 4 presents the results of scenarios in which prices of soy, soybean oil and biodiesel are changing more or less in the same percentage. The columns indicate the differences with respect to the baseline results for the initial and final years. In the initial year, 2006, the biofuels industry was still in its initial steps for that year; therefore, the initial year includes a modification of the SAM to include the incipient industry.
It can be seen that when export prices of soy, soybean oil and biodiesel are increased 20%, the result is an abrupt growth of production (and exports, not shown) of all of them. Producers react by reallocating resources until marginal benefits of selling soy, soybean oil and biodiesel are equalized.
Since production of those goods attracts capital, there is a reduction of the activity level for manufactures, as well as for other agricultural products. The fiscal situation is improved due to the taxes on exports, and that also has impact on the welfare of the poor (for it is assumed that transfers to the poor are a fixed proportion of total revenue of the government). The trade balance also shows a better result as a consequence of higher prices. The industry of biodiesel reacts strongly increasing production. But one thing to take into account is that the response of the biofuels industries is more noticeable in the fifth year because by year four unemployment is negligible and wages begin to grow (simulations assume a minimum real wage under unemployment); since biofuels industries are not intensive in labor, the rest of the economy experiences additional costs from the rise in real wages, and biofuels can grow relatively more.
Similar results are seen when the price of maize and bioethanol are increased 20%. Macroeconomic indicators show clear improvements though the industrial composition of the economy changes, and manufactures reduce the activity level (though at a smaller extent than in the case of soy and biodiesel). It is interesting to see that sugar cane production is reduced, even though it is possible to produce bioethanol with it; so the costs of capital (attracted to the production of maize) and the cost of opportunity of land (to produce maize again) seem to prevail over the potential use for production of bioethanol as an input.
16 The last column of Table 4 shows instead a reduction of prices of soy, soybean oil and other agricultural products (not maize, sugar cane); it can be seen that the opportunity cost of biodiesel production is reduced, and therefore the production of biodiesel is increased. The result for bioethanol is the consequence of the reduction of the activity level of the economy (as it is reduced the demand for gasoline) rather than the effect of relative prices 10 . 10 We have performed a sensitivity analysis to different degrees of capital mobility. The model was calibrated to a 10% of mobile capital, consistent with the observed economic variables in the baseline growth scenario. Considering an economy with 40% mobile capital, we have observed that macroeconomic aggregates do not present important changes but at sectoral level, more flexibility in the capital has a more significant effect in terms of the sectoral activity level. For instance, in the simulations of changes in international prices the capital moves to the more profitable sectors. Hence, biofuels would have a lower growth rate when the capital is more mobile because they are relatively more intensive in use of capital.
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This group of simulations evaluates the effects of mandatory substitution of biofuels for fuels, and increases of export taxes levied on soybean and soybean oil. The results are shown in Table 5 .
Mandatory substitution. The mandatory substitution of fuels to reach a 5% target produces a loss of welfare. This happens even when the constraint is imposed using a combination of taxes and subsidies on fuels and biofuels, respectively 11 . There is a perturbation of relative prices that explains the slight loss of welfare. In the case of biodiesel, the economy experiences a loss in terms of GDP, since market based decisions are perturbed with a constraint on the portion of biofuels to be used.
11 Two alternative modelling strategies were considered in this simulation. The one presented here enforces the 5% target through a combination of virtual taxes on fuels and subsidies to the use of biofuels. In this modelling approach substitution between fuels and biofuels is permitted however the taxes and subsidies imposed imply a compliance of the 5% ratio. The other alternative not shown here but with similar results is fixing biofuels demand as 5% of total fuel demand by changing the shares of biofuel in total expenses of households and input output coefficients and not letting substitution between fuels and biofuels (for a more detailed explanation of how this constrains may be imposed in the model see appendix A). The results of the computation indicate that the necessary additional supply to match the mandatory demand is obtained not only from increased production, but also through the reduction of exports.
Diesel exports compensate for the reduction in biofuel exports in the trade balance, since there are still profitable opportunities for producing diesel and selling it to the rest of the world. There is also a reduction in exports of soybean oil, for it is used to produce biodiesel. It can be seen that there is a strong increase in the domestic demand (final and intermediate) of biofuels.
Note that this result is different from that in Timilsina et al. (2010) , which uses a global CGE model.
The reason is that this study uses a single country model, which does not capture the effect of expansion of biofuel market in other countries. Timilsina et al. (2010) shows that global expansion of biofuels caused by national targets and mandates would increase export demand for biofuels in countries where biofuel industry has already been established (e.g., Brazil, Argentina, Indonesia).
This study assumes the demand for biofuels in the rest of the world remains constant, thereby causing cuts in exports of Argentinean biodiesel when the country introduces biofuel mandate.
Quite similar results are obtained in the case of extending mandatory requirements to gasoline 12 .
There are huge increases in production and domestic use of bioethanol, while exports are cut to zero.
However, the macroeconomic indicators are slightly worsened as in the case of biodiesel.
Production of sugar cane is increased, but in the case of maize, the results indicate that the economy prefers to cut exports, probably due to the presence of export taxes on maize. When both cases are taken together, we can see an extraordinary increase in production of bioethanol. This is due to the limited size of the industry as of 2006 compared to the market to be addressed. 
Export taxes.
There is a slight reduction in GDP as well as investments, following the increase of export taxes on soybean and soybean oil, as expected because of the additional distortion imposed to the economy. On the other hand, the increase in export taxes on soybean and soybean oil impacts positively on production of biodiesel: production of biodiesel increases by 6% for the first year with respect to the benchmark, and exports grow almost 12%. The response is stronger in the long run, since more mobile capital is available to be allocated to the production of biodiesel. These exercises illustrate the potential relevance of indirect policy instruments on the reaction and growth of biofuel 20 contribution.
13 . There is also a reduction in production of soybean and land is reallocated to the production of maize and the rest of agricultural products. The increase in exports legal taxes on soybean and soybean oil results in a net reduction in revenue for the government, since resources are allocated to industries with a lower level of tax contribution. Production of maize and sugar cane do not show significant changes. The economy does not increase production and reduces exports. But it compensates the loss in exports of maize and sugar with exports of biofuels. The model shows a slight decrease in GDP and welfare due to the distortion. 13 The elimination of export taxes would not necessarily have a symmetric effect, if mobile capital were assumed to become sunk after being installed.
14 An additional simulation was performed, regarding a subsidy of 20% to sales of biofuels: The simulation assumes that it has to be compensated with an increase in all taxes to keep constant fiscal result in the first period. The subsidy is applied to the value added so although it is presented as a subsidy to sales (goods purchase intermediate consumption and value added to be produced) it has to do with a supply subsidy. The result is an increase in production of biofuels that is fully exported.
Compensated subsidy to biofuel sales. For this simulation we assumed that biofuel sectors receive a 20% subsidy on the value of their total sales, and that this is compensated with a proportional reduction of all taxes. Though the sectors tend to grow as shown in Table 5 , the net effect for the economy is not significant.
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We carried out a sensitivity analysis on a very important parameter, the elasticity of substitution between biofuels and their fossil fuel counterparts. This is because the biofuel industry is still in its infancy. Perfect substitution between biofuels and fossil fuels is not possible as existing vehicle engines do not run on 100% biofuels. Technically, existing vehicle engines can handle 10-15%
ethanol and up to 30% biodiesel. Therefore, we considered a low value of elasticity of substitution between biofuels and fossil fuels based on existing literature. However, as biofuel industry matures, vehicle fleet will change. In future, Argentina, like Brazil, might consider flex fuel vehicles which can run on either only biofuels or only fossil fuels or any mix of them. Therefore, it would be interesting to see the sensitivity of model results if this substitution elasticity is altered. We double the elasticity of substitution between biofuels and fossil fuels for the sensitivity analysis. We find no change in results in all scenarios except blending mandate. This is because it would be still economic to export biofuels to international markets than using it for domestic consumption.
C CO ON NC CL LU US SI IO ON NS S A AN ND D F FI IN NA AL L R RE EM MA AR RK KS S
Argentina has developed a world-class vegetable oil industry since the 1980s. The country has emerged as one of the main exporters of oilseeds and vegetable oil to the international market. By 2011, Argentina topped the world in exporting biodiesel, which is produced from soybeans.
Fluctuations in international markets of biofuels and feedstocks, and national policies related to biofuels are of concerns to various stakeholders in Argentina including the government and the industry.
Developing a computable general equilibrium model for the Argentinean economy with an explicit representation of biofuel industry, this study conducts number of simulations on two core issues: (i) changes in international prices of biofuels and feedstocks to stimulate their exports, and (ii) 22 regulatory and fiscal policy shocks aimed to promote domestic consumption of biofuels. The assessment includes impacts on GDP, household welfare, sectoral outputs and trade balance.
Our study finds if the international prices of biodiesel, soy oil and soybeans increase, Argentina will gain in terms of GDP and social welfare. An increase in international prices of ethanol and corn is also beneficial to Argentina, but not as much as caused by the increase in price of biodiesel, soybeans and soy oil. On the other hand, a mandatory use of biofuels to substitute their fossil fuel counterparts would cause a small reduction in GDP and welfare, as such a mandate would divert exports of biofuels and its feedstocks for domestic consumption. The negative effect would, however, be declining over time. This finding differs from those in studies such as Timilsina et.al (2010) , which simulate impacts of national targets and mandates introduced in forty plus countries around the world. This is because the international mandates and targets would cause expansion of global demand for biofuels.
Our results also show how an increased export tax either on biofuels or feedstock to increase government revenues reduces GDP and social welfare. This is because an increase in export tax would lower competitiveness of Argentinean biofuels and feedstock in the international markets.
Real wages are assumed constant, and there is unemployment, at variance with the standard neoclassical model of full employment; however unemployment tends to disappear as result of economic growth thereby causing real wages to increase. Our results are sensitive to these assumptions about labour market conditions. Additionally, the model assumes that the economy is not forward-looking, and therefore agents do not plan investments with enough anticipation, though brand new capital is allocated endogenously (as part of the solution of the model) between sectors following the higher rate of return
The trade off between domestic consumption and exports of biofuels is an important issue for Argentina as the former increases welfare and GDP whereas the latter reduces them. Finding an optimal mix between domestic consumption and exports and setting domestic biofuel targets based on the mix could be an interesting expansion of the current study.
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To present the model, for now let us focus in a simplified version to highlight the basic elements of its structure. Let us consider an economy with only one domestic agent, whose utility function depends on domestic goods c, fuels c f and services a, imported goods m and bonds held by households b h , and labour supply L s :
The following equations correspond to the usual optimal conditions, which equal the marginal rate of substitution to relative prices given by the quotient between the price of domestic goods in international terms p* and the prices of imported goods p
While w represents wages, L s is the supply of labor, and π and π a are benefits in the industries producing goods and services, respectively. Parameters η and θ represent shares of domestic agents in each one of them (0 < η , θ < 1). To simplify, we also assume that the participation in capital ownership coincides with the latter two (the rest of the world retains the complementary shares). Equation [2] assumes that the consumer only pays taxes on the purchase of domestic tradable goods. This is a simplification given that the model includes several other taxes observed in the economy. The last term reflects the initial bonds held by the household.
The general model includes also investment decisions of households.
T Tr ra ad da ab bl le e g go oo od ds s
The production function of tradable domestic goods c and exports x in terms of capital and employment is given by:
The benefits of the tradable industry are:
where r * indicates capital remuneration and p a a d are expenditures in non-tradable, which are assumed in fixed coefficients with the total value added:
a stands for the demand of fuels, which is in fixed coefficient relation with production. The maximization conditions of benefits are:
when the levels of capital use and labor are determined optimally. In these expressions At the level of the non-tradable industry, the corresponding equations to define profits, optimal conditions, and the output function are:
The last term represents the use of tradable goods and fuels in the production of non-tradable (in fixed coefficients given by θ and θ f respectively) . It can be seen that in these equations it is assumed that the sector only employs labor to produce services. Once again, this is a simplification in this simplified version, for the general model includes capital as an argument of the production function. Moreover, capital is separated in two categories: mobile and not mobile. The latter is specific for each sector.
P Pu ub bl li ic c s se ec ct to or r
The Public Sector has a budget constraint given by:
The left side represents tax revenue, including export taxes, as well as bonds sales. The right side represents the purchases of labor and bonds (so that there is a net position in bonds). Notice that here we assume that the government is not participating actively in the markets for goods or services, although that does not occur in the general model. In this simplified case, the government collects taxes and uses the proceedings to hire workers and repay debt (the general model includes investments and government consumption).
E Ex xt te er rn na al l b ba al la an nc ce e
Note that in this version, the external sector does not buy domestic bonds, which is also a strong assumption that we leave aside in the general model. Given these assumptions, we can obtain an equilibrium in the following current account as:
T Th he e b bi io of fu ue el ls s c ca as se e
We need to make specific the above model to represent the agricultural sector and its components as well as the food and beverages industry and soybean oil, biodiesel and bioethanol industries, and the refineries of oil. All of them play an important role in the evaluation of simulations. The choice of the optimal proportion of every fuel (including biofuels) is obtained from a nested production function into the utility function, through a process of cost minimization.
H
It is assumed that the combination of fuels demanded by households is obtained a process of cost minimization, as it is the case of transportation. That is, c f is determined minimizing the cost of producing one unit of fuel using the basic fuel (gasoline or diesel) and the corresponding biofuel (bioethanol or biodiesel, respectively). For example, in the case of diesel:
is a production function that can be subject to sensitivity by changing the associated elasticities of substitution. Therefore p f becomes the minimum cost of one unit of the basket of fuels. This optimization process could be constrained also to mandatory requirements that establish minimum contents of biofuels per unit of fuel used. For example, in the case of biodiesel those requirements could take the form: The same process is repeated for gasoline and bioethanol, and it is also taken into account the potential substitution between fuels based on diesel and on gasoline.
A Ag gr ri ic cu ul lt tu ur re e
For agriculture, land must be included into the production function. Let A g stand for hectares of land used in production of crop g. We consider four sub-sectors: soybean, maize, sugar cane, and the rest of agricultural products. The production function will read:
maize, sugar cane, rest of agricultural products. And profits will be given by:
where r * indicates the reward to capital and tx g stands for export taxes on crop g. Export taxes have a significant role in determining supply.
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Land is a mobile factor only between agricultural industries. It includes not only land per se, but also tractors and machinery specialized in agricultural work. Its price is indicated by p L .
The presence of land, requires to include in the model the market equilibrium condition for land, given by:
d g a stands for the demand of services, one important component of which are services of transportation.
The general model also includes demand for inputs produced by manufactures, though they are not shown here.
F Fo oo od d a an nd d b be ev ve er ra ag ge es s
Food and beverages use intensively as inputs products obtained from agriculture.
Therefore the use of agricultural products for their production competes with other uses, mainly biofuels production and direct exports. Total production is given by
and it is assumed that input requirements from agriculture are given by
Therefore, profits of the industry can be written as:
Notice that exports are included as a final use of foods and beverages. They are subject to taxes, not represented here for the sake of clarity only.
S So oy yb be ea an n o oi il l
This industry is explicitly modeled since it gives a relevant alternative use for soybean production, but also because it is integrated to the biodiesel industry. As in the cases shown above, production of soybean oil is given by:
Soybean oil production uses soybean production in fixed coefficients:
Therefore, profits of the industry can be written as: Production requires the use of soybean oil in fixed coefficients:
Capacity utilized in production is bounded by present capacity plus additional capacity [27] This condition is motivated because there already exists sunk capacity in the sector. When   bd  is low (the production function tends to a Leontief) then production is bounded by installed capacity, and that boundary can be relaxed using additional investments.
Therefore, profits of the industry can be written as: 
Notice that there are different rewards for present capacity that is specific, and not mobile, r bd , and additional capacity, its opportunity cost.
In that expression we have included the demand for other industrial and chemical inputs used for production, In that case, production requires the use of maize or sugar cane in fixed coefficients:
Profits in both industries will be: There is an alternative possibility, which is to take into consideration different degrees of substitution between maize and sugarcane. Then the industry will minimize 
T Tr ra an ns sp po or rt ta at ti io on n
The transport system utilizes biofuels and oil fuels for the production of services of transportation, which are demanded by households, industries and the agricultural sector itself. Production requires the use of diesel or gas in different proportions, and they can also be combined with biodiesel or bioethanol. As in previous cases, it is assumed that the combination is obtained by two processes of cost minimization:
[37] Min Refineries use oil to produce gasoline, diesel and other fuels. It is assumed that they are obtained in fixed proportions of total production. All products can be consumed domestically or exported. The main source of domestic demand is the transportation industry. The supply of gasoline, diesel and other fuels are given by:
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